We tested the hypothesis that a clear-water period, regularly observed in many meso-and eutrophic lakes, is caused by grazing herbivorous zooplankton. Such a clear-water phase occurs during mid-May in the moderately eutrophic Schiihsee and involves a rapid increase in Secchi transparency, and a drop in chlorophyll and particulate organic carbon in size fractions ~35 Nm. Maxima of zooplankton biomass and community grazing rates (170% of volume cleared per day) coincided with the greatest transparency. The algal decline was not related to nutrient depletion or climatic events. Before the clear-water phase small phytoplankton contributed up to 88% of the primary production, but the contribution of large particles was more important after the zooplankton maximum. The effects of herbivory by zooplankton were examined in a series of time-overlapping enclosure experiments. Concentrations of small (< 35 pm) particles were always higher in the bags lacking zooplankton than in the controls. A mass development of small algae occurred in the zooplankton-free bags initiated during the clear-water phase, although the presence of zooplankton stimulated the growth of large (> 35 pm) algae.
A distinct period of clear water is typical of the spring algal succession in many mesotrophic and eutrophic lakes of temperate zones (Sommer et al. 1986 ). An early peak of small, rapidly growing algae (flagellates, small diatoms), which often represents the highest biomass concentration of the annual cycle, is followed by a short period of very clear water and high Secchi transparency. A summer community dominated by large algae and blue-greens develops after the clearwater phase. The period of high Secchi transparency sometimes lasts only 2 weeks or less. The increase in water clarity can be spectacular. In Lake Constance for example transparency may increase from 1 to 10 m in a few days (Lampert 1978a; Schober 1980; Tilzer 1983) . The timing of the event can be very predictable and relatively independent of weather conditions (Geller 1980; Sommer et al. 1986 ).
The clear-water phase in Schohsee, occurring in mid-May, clearly demonstrates the phenomenon (Fig. 1) . The Coulter Counter analysis of biovolume and particle distribution shows a sharp drop of the biovolume of all particles present after the l This research was supported by the Deutsche Forschungsgemeinschaft through a grant to W.L.
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"spring bloom." Subsequent increases in biovolume occur first in the larger size classes, while small particles remain low in abundance.
Although it is a widespread phenomenon (for a collection of examples see Lampert 1985; Sommer et al. 1986 ), a clear-water phase is only apparent when sampling is frequent (once or more a week) (H. BernerFankhauser pers. comm.). A number of seasonal records of phytoplankton biomass show clear spring depressions (e.g. Blaauboer 1982; Bailey-Watts 1982; Riemann 1983; Barko et al. 1984; Meffert and Overbeck 1985) but do not mention this explicitly.
The clear-water phase usually coincides with a spring peak of the filter-feeding zooplankton and the increase in water clarity has sometimes been attributed to grazing activity (Lampert and Schober 1978) . Alternatively nutrient depletion, climatic events, or parasitism have been suggested as causes for the algal crash (cf. Reynolds 1984) . Although there are several descriptions of the time-course of phyto-and zooplankton abundance during this period of the year (e.g. Krambeck et al. 1978; Oskam 1978; Petersen 1983; Kuparinen et al. 1984) , the causes of the clear-water phase have not been analyzed directly. We here test the hypothesis that zooplankton grazing causes the clear-water phase and initiates the succession toward larger algal species during summer. We give a detailed description of the clear-water phase in a mesotrophic lake, including information on abiotic factors, biomass parameters and composition of phytoplankton, and on species composition and biomass of the herbivorous zooplankton. We discuss the possibility that the algal crash may be caused by nutrient depletion or climatic events. By measuring the patterns of primary production and grazing in situ, we try to balance the growth and loss parameters in the phytoplankton.
Finally, we use enclosures to provide a direct experimental test of the effects of zooplankton.
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Met hods
Study site-The study was carried out during spring 1983 in Schohsee, a small (80 ha; max depth, 30 m; mean depth, 10.70 m), moderately eutrophic, hard-water Holstein lake near Plan. Details of its hydrographic conditions, chemistry and productivity were given by Rai (1982) . The sampling site was in the center of a 13-m deep bay close to the Max Planck Institute; tests on several occasions had shown that plankton at the sampling location did not differ significantly from that at the center of the lake. Experimental enclosures were also located in this bay, at a site where the water was 6 m deep.
Sampling-Water samples taken at 0, 1, 2, 3, 5, 7, and 11 m were analyzed for pH, alkalinity, TIC, DOC, nitrite, nitrate, ammonium, soluble reactive phosphorus, total phosphorus, and silica. Temperature and chlorophyll alpheopigments (Marker et al. 1980) were measured at 1 -m intervals. Samples for particulate carbon analysis collected at 0, 2, and 11 m (control determinations showed a gradual decrease of POC with depth) were screened through meshes of 10, 35, and 250 pm, filtered onto precombusted glass-fiber filters and burned in an infrared carbon analyzer (Krambeck et al. 198 1) . Phytoplankton from the same depths as POC were preserved with Lugol's solution and documented photographically.
In situ primary production and grazingSize-fractionated primary production was estimated by the 14C method (Rai 1982) . The incubation period was about 4 h. The ratio of the global radiation integrated over the whole day to the sum of radiation during the incubation period was used to estimate daily gross production (Wetzel and Likens 1979) .
In situ grazing rates were measured in vertical series of nine depths (0, 1, 2, 3, 4, .5, 7, 9, 11 m) by day and night. We measured grazing rates on two radioactively labeled particles, the green alga Scenedesmus acutus (10 pm) and the very small bluegreen Synechococcus elongatus (1 pm) using a Haney (197 1) chamber. The grazing rates on 32P-labeled Synechococcus and 14C-labeled Scenedesmus estimate community grazing rates on picoplankton and on nannoplankton; techniques are described in more detail by Lampert and Taylor ( 198 5) .
Zooplankton biomass -Before each grazing experiment we took two samples of water (6 liters total) with the Haney chamber, filtered the zooplankters onto a 1 OO-pm screen and preserved them in sucrose-Formalin (Haney and Hall 1973) . All zooplankton was counted under a dissecting scope; copepods were separated into stages, daphnids were sized by an ocular micrometer. Literature values (Bottrell et al. 1976) were applied for biomass calculations except for Daphnia cucullata, where we used our own lengthweight relationship: w = 9 1 2L3.03 .
( W = dry weight in pg, L = length in mm from the top of the eye to the base of the tail spine). From depth profiles of daytime and nighttime zooplankton distributions, we estimated the amount of vertical migration in the zooplankton population and calculated the average zooplankton density by weighting the numbers by day length.
Plastic bag experiments-Enclosure experiments were carried out in plastic bags (Kuiper 1977 ) 1 m in diameter and about 3 m long, closed at the bottom and filled with 1.7 m3 of water. Four of these bags were hung in a rectangular aluminum frame moored over a water depth of 6 m. Two of the four bags were used as controls, two were treated. Preliminary experiments (W. Fleckner unpubl.) had shown that communities in all four bags when untreated developed similarly. In the long term (4-6 weeks), however, they did not mimic the lake communities, because nutrient supply from external sources was prevented, recruitment from resting stages and immigration was impossible, and fish predation was lacking; therefore we ran these experiments for only 10 days. Every week one treatment and one control were renewed, so that the experiments overlapped by 3 days.
Treatment and control bags were filled with water pumped from 1 -m depth. Before the water entered the bags, it was filtered through 100~pm plankton gauze to remove all the larger zooplankton. The control bag was then inoculated with zooplankton caught by vertical hauls of a 100~pm plankton net. It was not possible to stock the bags with the same density of zooplankton as in the lake, because the zooplankton abundance in the epilimnion changes according to diel vertical migration. By simply filling the control bags with unfiltered surface water we would have overstocked them at night but understocked them by day. We therefore used the same catching effort for all control bags, so that the zooplankton density in the bags changed in the same relative fashion as in the lake.
Bags were sampled immediately after fill- ing, 3 days later, and at the end of the experiment (day 9 or 10). Water was taken from 1 m and subjected to the same analytical procedures as the lake water. Zooplankton was collected by vertical tows of a lOO-pm plankton net (25-cm diam) from the bottom of the bag to the surface.
Results
As in other years (Lampert unpubl.) the Secchi transparency in Schijhsee increased in mid-May to >8 m (Fig. 2B) . A clearwater phase lasted from about 10 May to 1 June. Increased transparency was caused by a rapid decline of particulate organic carbon ( Fig. 2A) . Losses appeared in the small size fractions exclusively, while the 35-250-pm fraction increased during the clear-water phase. Loss of algae was also indicated by decreased concentrations of Chl a (Fig. 3) . Chlorophyll a decreased initially in the surface waters and reached concentrations of < 1 pg liter-' during the time of maximum transparency.
The decrease of POC in the epilimnion cannot be attributed to mixing in the water column; on the contrary, stratification started at the end of April and steadily became stronger (Fig. 4) . A strong wind disturbed the thermal structure near the surface on 28 May, but by then the clear-water phase was already coming to an end.
The main nutrients are shown in Fig. 5 . Soluble reactive phosphorus was low in early April, since the SRP pool had been exhausted by a diatom maximum after icebreak in mid-March.
It decreased slowly during our sampling period. Total phos- phorus (not including particles >250 pm) disappeared at a higher rate. Nitrate decreased continuously until early June, with a particularly sharp drop in the first week of June; this has been repeated in Schijhsee for several years (Rai unpubl.) . Concentrations of ammonium are usually very low in the lake, so that the short pulse during the clear-water phase was especially noticeable. At the same time, a short pulse could also be seen in the soluble reactive phosphorus. This peak was very small and exceeded the normal variability only slightly, but it was reflected in the total phosphorus. The peaks in both ammonium and phosphorus coincided with the maximum zooplankton abundance, suggesting that they were caused by the grazing herbivores. There was no unusual shortage of algal nutrients during the clear-water phase; the availability of nutrients to the algae may even have been higher than before this period.
Phytoplankton The clear-water phase was accompanied by significant shifts in the level and distribution of primary production (Fig. 6) . During mid-April production was high and the shape of the curve was typical for a eutrophic lake. Production was lowest in midMay, but a considerable part of it took place in deeper waters, in apparent response to the high water transparency as in an oligotrophic lake. Until 10 May small cells fixed most of the carbon (about 88%); particles between 35 and 250 pm contributed little. This changed during the second half of May, when with increasing total production large particles accounted for an increasing portion of it. Differences in the size structure of primary production are especially clear between 13 April and 7 June.
The low primary production during May, however, was a consequence not only of the relatively low biomass but also of lower light intensity. The daily sum of global radiation dropped from about 200 J cm-2 d-l at the end of April to < 100 in mid-May.
The weather was particularly bad on 24 May (37 J cmm2 d-l), but improved afterward with about 250 J cm-2 d-l from 31 May until the end of the study period (H.-J. Krambeck unpubl. data).
The change in the size structure of primary production is clearly demonstrated when production : biomass ratios of the different size classes calculated from fractionated primary production and particulate carbon are compared (Fig. 7) . Until the end of the clear-water phase small particles had the greater P : B ratios; subsequently the activity of the large fractions became higher.
One must, however, consider that this P : B ratio does not reflect the activity of live cells alone. It measures the rate of increase of the particulate carbon pool and, thus, it depends to a certain extent on the amount of nonphotosynthesizing detritus present. It is likely that the relatively lower P : B ratios of the small fractions after the clear-water phase were caused by a high proportion of small detrital particles. Dominant species among herbivorous zooplankton were the Calanoid copepods 02468024602024024 PHOTOSYNTHETIC RATE ( mg C mB3 h" ) Eudiaptomus gracilis and Eudiaptomus graciloides, and the cladocerans Daphnia galeata and Daphnia hyalina. A third Daphnia species, D. cucullata, contributed little to the biomass. Rotifers were not abundant, although the smaller species may have passed through the loo-pm mesh. Because their contribution to the biomass was negligible, they were excluded from the biomass calculations as were nauplii and small copepodites of cyclopoid copepods (e.g. Thermocyclops oithonoides). Daphnids (primarily D. galeata), accounted for most of the steep rise in zooplankton biomass during the clear-water phase. Copepod biomass showed little change (Fig. 2C) . The daphnid population grew exponentially and peaked on the day of maximum water transparency. The graphs of Secchi transparency and zooplankton biomass nearly mimic each other.
Grazing in the epilimnion of Schohsee shows pronounced diel fluctuations related to the vertical migration of large zooplankton (cf. Lampert and Taylor 1984, 1985) . During the day, when the zooplankton is primarily in deep waters, grazing in the upper 5 m was low, but very high grazing rates were measured at night when zooplankton was abundant in the epilimnion. Maximum values approached 10% of the water volume cleared per hour. We calculated the average daily grazing rates for the upper 5 m and the average zooplankton density from day and night profiles as a function of daylength. The daily in situ community grazing rates tracked the zooplankton biomass (Fig. 8) . We recorded the highest grazing rates when zooplankton biomass was at its peak. These highest rates were also concomitant with the period of maximum transparency. They amounted to 170% per day. Grazing pres- sure on very small particles (1 pm) was consistently lower, due to the relatively low feeding efficiency of Eudiaptomus on small particles (Lampert and Taylor 1985) . The period of extremely high grazing was rather short. By mid-June it had approached typical summer values of about 20% (cf. Lampert and Taylor 198 5) .
Population dynamics of the zooplankton was strongly affected by the algal biomass. During April egg numbers of the cladocerans were very high and, since the birth rate was high, the population consisted of many juvenile animals. Probably the population received some input of juveniles from resting stages as well. When the juveniles grew up the biomass of the Cladocera increased (cf. Fig. 2C ), grazing pressure increased, and the algal biomass decreased. During the clear-water phase daphnids were strongly food-limited.
Adults carried very few eggs; most had no eggs at all. As a consequence the birth rate dropped, the size structure of the claphnid population shifted to large size classes, and the population decreased.
Only the initial density and composition of the zooplankton population in each plastic bag experiment reflected the lake populations (Fig. 9) . We started during the clear-water phase with a high zooplankton biomass consisting mainly of daphnids. During the successive experiments the ini- In the first experiment, when the initial biomass was highest, both daphnids and diaptomids decreased during the 10 days of exposure. The second experiment started with lower densities; the biomass increased first and then decreased again. In all other experiments the biomass started from low levels and increased continuously, mostly due to the daphnids.
In all zooplankton-free bags, without exception, the concentration of POC and Chl a in the size fraction < 3 5 pm was higher at the end of an experiment than in the bags with grazers (Fig. 10) . During the clear-water phase the concentrations of small particles increased in the bags without grazers, while the concentration in the zooplankton bags remained at the same level as in the lake. Later in the year differences between bags became less pronounced, as was to be expected because the zooplankton densities were much lower (Fig. 9) . The dynamics of the particles in Fig. 10 are not directly comparable to the values in Fig. 2 , since the samples were taken at a different location close to the bags in a shallower part of the lake. (Uhlmann 1971) . Such clear-water periods are typically of short duration, although they may be prolonged in low-stock fish ponds (Fott et al. 1980b ). However, while inverse relationships between phytoplankton and zooplankton are commonly observed (e.g. Anderson et al. 1.955; Wright 1958; Edmondson 1979) , the ability of zooplankton to markedly depress total phytoplankton biomass has often been questioned (cf. Reynolds 1984) . A spring peak of zooplankton coinciding with a period of very clear water is frequently reported in the literature (Lampert 1985; Sommer et al. 1986 ). The coincidence of a clear-water phase and the zooplankton maximum, however, is not proof that zooplankters are responsible for the removal of particles. The decline of algal populations could be a consequence of nutrient limitation and sedimentation, and the zooplankton maximum may occur during the clearwater phase as a time-delayed response to good food conditions. There is even a possibility that the zooplankton maximum could be a consequence of algal breakdown, if the zooplankters feed on the increased numbers of bacteria decomposing the algal material. On the other hand, calculations of the loss budget of algal populations (Reynolds et al. 1982; Sommer 1983; Tilzer 1984) and direct estimates of zooplankton grazing rates (Lampert and Schober 1978; Gulati et al. 1982) indicate that grazing losses can at times exceed primary production.
POC and Chl a did not always change in the same direction. In the series beginning on 6 June, POC increased in the zooplankton-free bags while chlorophyll decreased in both bags as well as in the lake. This probably reflects the increase of detritus or small heterotrophs. Although it is clear that the zooplankton in the bags had an influence on the abundance of small particles, there seem to be additional factors affecting algal growth or the Chl : C ratio.
In the bags started during the clear-water phase, removal of zooplankton permitted increased growth of small algae, as indicated by the Chl a values in the fraction <35 pm. However, just the opposite happened for the size fraction 35-250 pm (Fig. 11) . Large algae showed enhanced growth in the bags containing zooplankton, but remained at lake level in the zooplankton-free bags. No consistent effect was to be seen in the series that started later. Thus, when the zooplankton density in the bags was high, small algae were reduced while the growth of large algae was stimulated.
By monitoring biotic and abiotic factors, making in situ measurements of grazing, and manipulating zooplankton in bag experiments, we have provided multiple evidence that grazing by zooplankton causes the spring clear water in Schijhsee. First, we have shown that abiotic factors are unlikely to be responsible for the clear-water phase. Limitation of phosphorus or nitrogen and low irradiance may reduce the algal growth rate but cannot alone be the reason for the rapid declines in phytoplankton biomass. Moreover, in Schijhsee nutrient concentrations are not unusually low at the beginning of the clear-water phase and even increase at the time of the sharpest decline in phytoplankton (Fig. 5) .
Grazing rates measured in situ during the clear-water phase in Schiihsee are high enough to exceed the rate of algal growth (see Reynolds 1984) . Radiotracer measurements of grazing rates, however, have the disadvantage of assuming that all particles are ingested with the same efficiency as the tracer. This is certainly not valid for natural phytoplankton communities. We tried to compensate for that by using particles of two different sizes. Daphnids showed only a slight preference for the larger Scenedesmus (Lampert and Taylor 1985) , but Eudiaptomus was much more selective. In a copepod-dominated community, considering only the filtering rates on Scenedesmus would result in overestimation of total grazing. During the clear-water phase, however, nearly 80% of the zooplankton biomass was Daphnia (cf. Fig. 2 ). Since specific ingestion rates of Eudiaptomus do not exceed those of Daphnia (Muck and Lampert 1984) , we can assume that the main grazing activity was due to daphnids. Therefore, we conclude that our community grazing rates are a reasonable estimate of the total grazing on nannoplankton. Zooplankton biomass is the governing factor determining the community grazing rate in Schiihsee (Lampert 1985) (cf. Fig. 8 ). The algal decline starts before the grazing rate reaches its maximum. The decline becomes evident when zooplankton biomass exceeds 2.5 mg dry wt m-2, although maximum zooplankton biomass is 8.8 mg dry wt m-*. This suggests that the filtering capacity of the zooplankton may be far higher than the rate of particle increase. A literature survey showed that zooplankton density in several lakes and reservoirs was be- tween 1 and 3 mg dry wt m-2 at the beginning of a clear-water phase (Lampert 1985) .
The impact of grazers on phytoplankton can be tested directly by manipulation of zooplankton densities in experimental enclosures (e.g. Porter 1972; McCauley and Briand 1979) . Because we were interested in the seasonal development of the impact of zooplankton, we started a new pair of bags every week instead of running many bags in parallel for a long period; thus our bag experiments test the effect of zooplankton on phytoplankton through a series of comparisons between treatment bags (without zooplankton) and control bags (whole lake water). Since the physical and chemical environment in a plastic bag is not identical with that in the surrounding lake (cf. Lundgren 1985) , the controls cannot be expected to behave exactly like the lake. When four bags were filled with untreated lake water, their communities developed in a very simi ilar way, but algal production was usually lower than in the lake (W. Fleckner unpubl.) . We nevertheless present the lake data together with the bag results to provide information on the enclosure effects (Fig. 10) .
Another complication occurs because the grazer populations in the bags did not always mimic lake populations but increased when the lake populations remained low (cf. Fig. 9 ). Comparisons between the bags and the lake are probably most reliable in the experiment started at 16 May during the clear-water phase. In this case zooplankton biomass decreased in the bag and in the lake simultaneously. Both particulate carbon and chlorophyll a in the bag with zooplankton were very similar to those in the lake, indicating that we were probably not too far from reality.
The removal of zooplankton always resulted in densities of small algae higher than in the controls (Fig. 10) . A significant absolute increase of algal biomass in the zooplankton-free bags, however, was only to be seen in the bags initiated during the clearwater phase (16 May and partly 23 May). Later the removal of zooplankton only reduced the rate of algal decrease. This strongly supports the conclusion that zooplankton, and not physical and chemical factors, are responsible for the decline of small algae during the clear-water phase. It also suggests that the algal turnover during this period is considerably higher than later in the season. Since small algae predominate during spring, grazing losses are very high during the zooplankton maximum and can only be compensated by algal species with very high growth rates (Fott et al. 1980a ). When released from grazing pressure in experimental enclosures, such rapidly growing algae are able to build up dense populations very quickly. We can, therefore, conclude that grazing is the factor of overwhelming importance for algal control during the short period around mid-May.
When the zooplankton biomass declines in June there is still some effect, but other factors may be equally important and thus make the bag results less convincing (cf. Reynolds et al. 1982) .
Although enclosure experiments may demonstrate the effects of zooplankton qualitatively (Fott et al. 1980b; DeCosta et al. 1983; Schoenberg and Carlson 1984) , quantitative assessment of the role of graz-ing in the lake is difficult because it is nearly impossible to create the same grazing pressummer, probably in response to grazing (Porter 1977) . If a high grazer biomass can sure in the bags as in the lake. For example be maintained during summer, transparfilter-feeders confined in the bags cannot ency may remain relatively high (Fott et al. migrate vertically. Thus, the diel fluctua1980a ). This will, however, not be such a tions of grazing (Crumpton and Wetzel 1982;  spectacular phenomenon as the spring clearLampert and Taylor 198 5) are likely to be water phase, because algal biomass may be reduced in the bags. Grazers in our bags may high but concentrated in large colonies, have been active all day while those in the which cause less turbidity than small cells lake entered the epilimnion only at night. (Benndorf et al. 1984) . Some large algae seem to be stimulated in the enclosures by the presence of zooplankton. Similar results have been found in small bags by Vyhnalek (1983) and Lehman and Sandgren (1985) . This is not so easy to understand, since the biomass of net plankton in the lake is increasing at a lower rate (cf. Fig. 11 ). The change of physical parameters in the enclosures (reduced irradiation, reduced turbulence) is unlikely to stimulate the growth of large algae. One difference between the zooplankton bags and the lake, however, is the timing of the zooplankton impact. Grazing and nutrient regeneration in the bags take place during the whole 24 h, but are restricted to the night hours in the lake (Lampert and Taylor 1985) . Continuous nutrient regeneration may enhance the growth of both small and large algae, but the stimulation will only be visible in the large particles since the small ones are grazed upon. We do not know whether diel fluctuations of nutrient regeneration are important to the algal community, but if so the bag results will exaggerate the rate of change of the algal community with respect to the enrichment of large forms. The results, however, will not be qualitatively wrong.
It is of considerable importance to understand why filter-feeding zooplankters are usually confined to such a short period in spring. As in many other lakes (Sommer et al. 1986 ) the spring peak of filter-feeders in Schtihsee consists mainly of cladocerans. The timing of their increase is probably determined by temperature and supported by hatching of ephippia. In other lakes, however, there may also be a component of invertebrate predation which delays the population increase (Lampert and Schober 19 7 8) . Exponentially growing cladoceran populations deplete their food resources by causing the clear water and thus become seriously food-limited.
In Schijhsee this is clearly to be seen from the dramatic drop in fecundity of daphnids and from the shift of their size distribution to large animals. Particulate carbon of ingestible size decreases to about 0.2 mg liter-' (cf. Fig. 2 ), the threshold concentration for egg production in the field (Lampert 19783 ).
We think that our study clearly demonstrates that even in relatively large lakes zooplankton can cause phases of extremely clear water. It also shows that the period of high transparency due to grazer control is short. Two conditions must be met to produce a clear-water phase: the algal standing stock must consist of small, "edible" cells, and the biomass of filter-feeding zooplankton must reach high levels.
An algal community dominated by small cells is typical for spring (Sommer et al. 1986) , whereas large, bizarrely shaped, or gelatinous ("inedible") algae develop during The drop in fecundity causes the decline of the grazers, so that the small particles can then recover. The daphnid population, however, does not build up another peak before autumn but typically shows a summer decline (Threlkeld 198 5) . Egg numbers of Daphnia increase in Schijhsee during summer but do not reach maximum values, probably because large algae interfere with food collection (Gliwicz and Siedlar 1980) . Although we do not have data on fish predation, it is also likely that predation contributes significantly to the control of daphnids when the new generation of planktivorous fishes starts actively feeding in June. Thus recovery of the daphnid population may be prevented by a combination of poor food quality and predation (cf. Larsson et al. 198 5) .
Autogenic seasonal succession leaves only a small gap in time, during which filter-feed-ing zooplankton can reach extremely high densities, between unfavorable abiotic conditions in winter and early spring and external control (interfering algae, predation) in summer. Since zooplankton populations which are high enough to produce a clearwater phase cause their own food limitation, the rapid decrease of the population follows automatically.
This may explain why the duration of the clear-water phase is so brief and why its timing is so predictable (Geller 1980) .
